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_ II J&J A_i^.lj is jjJ^A AjAa. (jl^ic. M ^Lai jl aAjlgJI IaajA 


Solution and solubility 


JJLa^JI £-1 jjl <_£1j \gj\c- jjIaj Jd^sdl (j\ j jj^JJJ i^\ jlj JJla-dl jc. Aajjuo iA b $.jadl 

CaUjjju Ajjjjjj JjVt Iaaj ^Iju .. Jla-dl (_£A Jd\ Jl AjjjI^jA j-a AAfllmA (_£ljlj (_£A 

.. 


* Definitions: 


TRUE 

SOLUTION 

• It is a mixture of two or more components that form a 
homogenous molecular dispersion. 

• The components are referred to the solute & the solvent 

jl A^. jla^i Phase jt Aada (jLkjic. ji£l jl (jJJ^La ja faf jA (J Jl 

L_yidl j L_iliaJI Ua t 2 components t> jj%? b J‘ homogenous 

SOLUTE 

• It is the dissolved agent (less abundant part of the solution). 

j* Jal AllaS jjllJj 4r4^' Dissolution Al^aa. ^JJl jl L_iIaJI <i jaJl b 

l_ijaJ| j£lJ 4 -JaJI jA LiA 4 AjLaj juj (J j\^.a Jaai !JLa bljl£ (_£ j l_ljaJI 

AjUI ^A 

SOLVENT 

• It is the component in which the solute is dissolved (more 
abundant part of the solution). 

A_La£ ja ^)j£l Lajb Allla^ jjfLlJj dlli ^^AJl Jlldl Liuia. ^^Ic. AjUI jl L_1jaJ| b 

Ulall 

SATURATED 

SOLUTION 

• It is one in which equilibrium is established between dissolved 
and un- dissolved solute at a definite temperature. 

L_1jaJ| lJaJI A-la£ jAJ jl j!il Aj3 (_Jj^aa_iJ (J ^jia_a jc. e jbc. b_$ g*.uaa\l (J ^jla-all 

l a JaalaA A_l^£ (_Jj blxa ^All L_iIaJ| ja Igjbl j^aJ A_ia£ Aj 3 (Jjl ^ *'» aj 

Solute dl tAAic. L-Luijjj IajqA ^^1 A laid' (jl C5 -i*-aj 4. u Hjii l^A 4 l_iIaJI ja oAbj 

A_^)A Aic. j^j£j \_g_al Ja^joiJ (jaj ^n«Ml A_l^.jJ CllL^aj ^j| eLixa b 4 4 _]jAjA (jiao 

oAAa^a 

UNSATURATED 

SOLUTION 

• It is a solution that contains the dissolved solute in a 
concentration below that necessary for complete saturation at a 

definite temperature 

jj£ jill ja Jal A_l3 lJaJI ji£ ji la. < ^Jn\l Afa^a] Jx^aj jia A_uJ Jjla. * jL b 
Sub 0 bba .1 j AajbjAll ^aAc.j (— UttijUll oAic- Jj^xaj (J^ 3 

Jal jl Sub A-dS saturated solution 
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SUPER 

SATURATED 

SOLUTION 

• It is a solution contains more of the dissolved solute than it 
would normally contain in a saturated state at a definite 
temperature. 

IgJjCj L_1 jAa]| (_jl (jiaj^)Ldl ^glll qa jli£l A_i^£ Aj3 UJ^ ^J ^ 

ija ja ^ ^ J.^Vn ajc.Uj Saturation dl Alla jl ^ jjLJI j] 

!iliLa ^»l^)a ^ T j (JjC ^»l^)a ^ * dl C*J Scb j Aj^H L_1 jCj b (Jj\a,a\l V i 

(jjLa A_j£l Jaa_Ja]l jl S^l^all AajC aCb j A n» <a dlVla ^gi (Jj^aaAJ bile. b (Jjij 

JliLa jjlii j ajcI*JI aJUJI ^gi c ja j^a giLj 

• Some salts (e.g. Sodium thiosulfate) can be dissolved in large 
amounts at an elevated temperature and, upon cooling fail to 
crystallize from the solution. 

• These supersaturated if disturbed in anyway (as cooling) , the 
excess solute will precipitate out of solution and a saturated 
solution will result 

(>0 jdl a JaH Cl t_i jCj (^£aa b Na thiosulfate dl Jdla^a (jj JJla^Jl 

A_a^p lc£ c*_j (j£l « (jj-cjail]' j! Sjl^aJl Aa^c jl Scbj aJU. ^^3 

l_1jCjA (jjji .aj gib l—Luijjj ^ajliA b Extra dl A_ua£ll t (Jj^aa jl Cilia SC Sjl^all 

Saturated d Super saturated t > j 

SOLUBILITY 

In Quantitative 

way 

It is the concentration of the solute in a saturated 
solution at certain temp. 

In Qualitative 
way 

It is the spontaneous interaction of two or more 
substances (solute and solvent) to form a 
homogenous molecular dispersion. 

Qualitative ^dd jHVIj Quantitative daACal < jdjj’d W Anbjdl 

jdjj ^1 jl ca ^ia Cal J J i_jjAa]|j i_jIAa]| Ac-Hj Aj<a^\b Jj£l bj ^g-a^ll 

A-il (JA 1 J solution cS' c 5 ^ ‘-a^ajJA All Cjyi b ^gi^ll b£l ‘ ^ddl ^ i_illdl 

U^dYl bw *■ . ' > «<11J Clll jj£jlll jl A-a^J (JAA All ^ 5 -ia-al i L-Jjda j L_iIa* b>* Jada 


* SOLUBILITY E 


A) The solubility of a drug can be expressed in the term of: 


Molarity 

no of moles (or gram molecular 
weight) of solute dissolved in 1 lit 
of solution 

^bi diVccc. JicL <_$cj Molarity d! 
gisu i_ucdl tjA jiil ^ (gi eCja.jHl l_i1Aa 31 
Mole/Liter cs^ja Ua ^Uill sea.j 

Normality 

it is measure of concentration 
equal to gram equivalent weight 
per lit of solution 

i_iiittll \±a£> (_f. a jlic Normality dl 

Gram equivalent dl scajj 

^gjc-lli aCLall (j -a CllLa^jaJI CCc. /jc. ejbc. 

'c ■ LS^J (j a (*l^)^ AalAjalddl 

Molecular weight dl <a>& JjjL ^ 
^alHill jl Valence dl sclbl 


Y 
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Molality 

no of moles of solute dissolved in 
1000 gram of solvent 

‘ Molarity -SI <jc 4i]LLa Molality -SI 
UiaJI <> cjV^all .nc Molality -S' 

L-U-lal! <ja ji}£) * * » <gi 4jj|j]l 

Mole 

fraction 

it is unit of cone. Define to be 
equal to no of moles of a 
component divided by total no of 
moles of solution 

«. j^JI <±uij i Aid ^gjju la ja c Fraction XaL 
Ubta Mole fraction JjS' Ula t Jill Jc. 

JJC. <_ s ic. Aa jjuiIa dial! AC-ljJ MoleS -S' J^C- 
t JIjJaIIj c-jIAaI] A.i.1£1I CL^jaH 

% w/w 

no of grams of solute dissolved in 
100 grams of solution 

bj weight per weight b>b*a W/W 

J oJja.jail i_jI jail <ja djbal^adl JJc- IaILia 

CjIaI jaJL (jjjjVI liA i (J <ja <al^)^ ^ * * 

% w/v 

no of grams of solute dissolved in 
100 ml of solution 

nc. IaUxxj weight per volume bA 

<ja <_glLa ^ * * <_gi 4jj|j]l L—llbal! dlalja. 

<Jjl-v /'ll 

% v/v 

no of ml of solute dissolved in 100 
ml of solution 

Ubxxj volume per volume bA 
JL \ . • ^ Ablill Ulall <> baljd ^glldl 

(JjS*t"»dl (y a 


B) The USP lists the solubility of drugs as the number of ml of solvent in which lg 
of solute will dissolve. E.g. lg of boric acid dissolves in 18 mL of water, and in 4 
mL of glycerin. 

ml -S' ^ W-jl jc. L jSLbu AajbjiS' ejUa.1 lillli united states pharmacopeia -SI 
b Boric acid -SI (Jb-a j <_gC.liL Ij^ll jl SjbaS' qa ^ s- 1 j^l ijbic. <jj£a ^^ISI l_i!aa]| qa 

U.O“'S? , Sl Cy* crSb ^ -"j .. 4-La ^ t_jj.il (jbic- SS-" ^ A ^Ll^_a 

C) Substances whose solubility values are unknown are described by the following: 


Descriptive Terms 

Relative Quantities of Solvent to 

Dissolve 1 Part of Solute 

Very soluble 

Less than 1 part 

Freely soluble 

From 1 tolO parts 

soluble 

From 1 to30 parts 

Sparingly soluble 

From 30 to 100 parts 

Slightly soluble 

From 100 to 1,000 parts 

Very Slightly soluble 

From 1,000 to 10,000 parts 

Practically insoluble 

More than 10,000 parts 


( l.i£ dlljJJXJ AjJjbj Ig-iC- ^ t.>i\x"\\\ a i i Jjj3.i JSLb Igtnbjj C- Utl*\l <^1 L-UtJ^3 .il J^SI -A-ia 

i_jIAa 1I (j*a ^.1 j S- 1 J^l (JjbkjoC. 4-^1 .a i_u.Lall <ja <jd_uj| <_g.Sc- (_£.i dll jJJajll 

fa J-vt A 

^Sj^SI ‘ djlijjjtiSI liLlo c jla b ^£11j Normality -S'j Molarity -S' ^b? dlijj*j]| ^b JjAsJ' 
bbl <_ji j t_jb£]| <_gi <jLa LaA (j£S ^ja Jbj tilj^ll bajj is' triSag yiSI diSka 'l£ bjib ^illa 
" c^b j Ij^SI 4^bj Solubility -S' cs' J' L r^ a 


r 
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# Determination of solubili 


■ 


1. Preparing a saturated solution of the substance in a given solvent at a particular temp. 

2. A sample of saturated solution is taken by separating the solution from the 
undissolved solid by filtration. 

3. Analysis of the saturated solution using a suitable method. 


i 4 *n» .a A^.^ Aic. Lglnjljjj j)JC.| jjlc- (_j2l (^^JC-Iaj <bLa]| j>A (Ji^la. ^ b 

Solvent 21 ^ Powder 21 (> Excess j's ' a +£ Jaaj jjj jL (j& b Saturated solution 21 

^ajV i 4_jIAa (Jaa 4_ia£1I j 4jIAa]| -A Ja^II jjjj jjl jjVI (Jj^xijLa AiJ dalc-Lui oAa] A-llal (JjAafll j 

b 4 j3 ajjAj S-Ic-jll A^l ^1 (jc- lgtnjj (_£.} 4 -jIasJI Jjia AjjIj IaAjc. JliJj (^l Sjl^aJI C5 lc- 


.. SaaII JjL C5 li T iJ water bath Ij*. 


(jjjja ja Ajjb Jla IjJ (j\ tjc. Al^aSl ^1 (JJjia (jft b jj£3l <^21 Solution 21 QA 4_Lja AkU ojiak. 

Ulj ^gJC-Uj 0jb2l ^ (Jk.lAj (_gl (jLkic. ojUlflll 

Colorimetric ^La j£2j ^ ah^> cff2l ^ Ua^Ij ^ Ab*ll al! Sjiak. cAlb 


. <22^2 1 ^ b <2^1 IjalUa j determination 

• To obtain saturated solution at a desired temperature, an excess of powdered material 
is added to solvent and stirred for several hours until equilibrium has been achieved. 

• The temperature of the system is kept constant throughout by immersing the vessel 
in a constant temperature bath. 


♦ Solute-Solvent interactions: 


• Solubility depends on chemical, electrical & structural effects that lead to mutual 
interactions between the solute and the solvent. 

• solubility of a solute in a solvent may be predicted by solute -solute, solvent-solvent, 
and solute-solvent interaction. 

• When the adhesive (solute-solvent molecules) forces are more than the cohesive 
forces, (solute-solute or solvent-solvent), the solubility of a solute in solvent or the 
miscibility of a liquid in some other liquid is generally enhanced. 

• selection of the most suitable solvent is based on the principle of “ like dissolves like ” 
as a solute dissolve best in a solvent with similar chemical properties. 

• Polar solutes dissolve in polar solvents. E.g salts & sugar dissolve in water. 

• Non polar solutes dissolve in non polar solvents. Eg. naphtalene dissolves in 
benzene. 

j] b (JjA-uAI j ajIaaIIj ajjAaII Jc-ls2l aajjCu Lajb AjjLj^ll (jl ^jV ^ Jjl 

(Ja j AiutjJa VIj <bL2l Ac-llL 4-i3bj2Lj bilil jAlA LgJ^/Lk jjA t jjAiiyi jjAj (_Jc.li2l ajS^c. 


. non polar VIj Polar ^ ajjAu 


i 
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dAijja. <j£ Cohesion force dl i> solvent dlj solute dl <^d' adhesion force dl CJ 

Spreading dl sj£a <_Aj « 4dfo I jdl Vkjdl uj%? < Solvent - solvent dl jl Solute - solute dl 

.. j] Surface tension dl A oU^kl A' 
j A' sAdl A j^L s±* * jl UU*^j Like dissolves like 4*j^ jV aAc. s^li A 

Non polar A non polar dlj l^j polar A Polar dl S-ddl jl >.1 A 31 ^ 

.. aIIlNI tdiic. j solvent 

• If the solvent is A & the solute is B, and the forces of attraction are represented by 
A-A, B-B and A-B. 

• If A-A > A-B The solvent molecules will be attracted to each other & the solute 

will be excluded -> Example: Benzene & water, where benzene molecules are unable 
to penetrate the closely bound water aggregates. 

• If B-B > A-A -> The solvent will not be able to break the binding forces between 
solute molecules. -4 Example: NaCl in benzene, where the NaCl crystal is held by 
strong electrovalent forces which cannot be broken by benzene. 

• If A-B > A-A or B-B, or the three forces are equal ->the solute will disperse & form 
a solution-^ Example: NaCl in water. 

: Ij£ tiiyLjU aA tj^xk B j■*Jh Solute -11 j A A Jh Solvent -1] A A a' a=A id 
aIIAI A t j i_jjAa 1I t j ; u (jx jsl j i_uAa 1I diliiA- A*^ AA > A-B . ^ 

|j£ Ajldlj (_£ j Ajldl <A CIijIj (_yLaj \ j t." i_jIAa 1I jl <ANj& (_£.} 

IgjJaa-Jj i_JJ.ldl dllil ji. jjj jA (_£j3l Ig tJoaMj i_jIAa]| Clllilja. j^J A*^ B-B > A-A A 
Solubility A* Adldj l_iIaaII diliiA- jjj Aajill .fol jAI Ail L-fo-dl A^ ^ j* (jl Ajd 

Cohesion dl a A*d i_ilidlj L-fod' j^ d=^lA' a*j A-B > A-A or B-B j u' ^ddll aIUJI .V 
L_yAdl A s->lddl solubility Ca A^ldj 4 ^jC 4? jl force 


* C LASSHRCAHON OF SOLVEISTTS 


A. Polar solvent: 

• Polar solvents (water, glycols, methyl & ethyl alcohol), dissolve ionic solutes & other 
polar substances. 

• Straight chain monohydroxy alcohols, aldehydes & ketones with > 5 C are slightly 
soluble in water. 

• Branching of the carbon chain in aliphatic alcohols increases water solubility -> 
Example: Tertiary butyl alcohol > soluble than n-butyl alcohol ( T' branching -> d/ 
non-polarity) 

• Polyhydroxy compounds as glycerin, tartaric acid and PEG are water soluble. 


o 
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• Hydrogen bond formation: Water dissolves phenols, alcohols and other oxygen & 
nitrogen containing compounds that can form hydrogen bonds with water. 

• Solvation through dipole interaction: Polar solvents are capable of solvating 
molecules & ions through dipole interaction forces 

• The solute must be polar to compete for the bonds of the already associated solvent 
molecules as solvation of NaCL in water. 

. Polar solutes -II .LSa <_i jAj 4il i>° bliiLa ls j bj dvill iAdl 

; (T°ljc- ^.di'dl l_jjAa 1I ^ SaLdl Aajbjj Aajxjj 

(ji 0 tj-o Jal 1 $jU^ 1 diVjak£ll lillta JliLdl Jjjjoi (jj <_iSaLdl Structure -II .) 
Carbon chain dl jV ? ^2 i_2a t mj-A 1 ls^ 0 i> L12I ^ ^ jA? 

. LuIjj 2I Jlal LI diUjjjill jjjl LI J£a Non polar j' lipophilic uj^? 
ion j hydrogen bonds ^ Branching dl jV i±A\ £-12 Branching -II jL£ . Y 
bj iso butyl alcohol dl Jlidl Straight chain dl <> jj£I forces 

non branched u^j Normal butyl alcohol -1' t> j4' solubility branched 

Solubility -1' sdjj <^1 Hydrogen bone dl sjbj jl Ij£ Ula .V 
dipole dl J!>b. cjUj jadl Solvation L*.L. <_Ub Polar solvent dl u 1 -^ <j^ . * 

.. (»1j 5 Solvation cs' interaction forces 

B. Non-Polar solvents: 

• Non-polar solvents are unable to reduce the attraction between the ions due to their 
low dielectric constants. 

• They are unable to form hydrogen bonds with non-electrolytes. 

• Non-polar solvents can dissolve non-polar solute with similar internal pressure 
through weak van der Waals London type forces 

• Example: solutions of oils & fats in carbon tetrachloride or benzene. 

hydrogen j-%? AjV Laa non polar solutes dl <ubl is lc. Laa sj2JI a! bj t5 daill jaL t_jji2l 
jabj <jL Vfi-iV ciuljjj£lVI j Lylidl clA ,j2l t_ij*L <jL Ju&j polar solutes dl £* bonds 

(jja LaLdl Sac-tall LiAkLa B-B > A-A dl (jV -LjI j^JI j > 

C. Semi polar solvent: 

• such as ketones can induce a certain degree of polarity in non-polar solvent molecules 

• They can act as intermediate solvents to bring about miscibility of polar & non-polar 
liquids. miscibility of solvents) 

Examples : ub^Ll 3JLVI 

1. acetone increases solubility of ether in water. 

2. Propylene glycol has been shown to increase the solubility of water and peppermint 
oil and of the water and benzyl benzoate. 


n 
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C- IjAa Hla <_£Aic (jjfb Lai (jl ^ 5 Axxj .ic.Lxx i_ljAa ^^Aij COSOlvCllt AxAalxJ bj (jAdVI Jajajj <Ul_a. b 

l^Lai jjWtfl ij j Co solvent jl l£I l£« a 4 polar Non polar 

.. solubility J ^^A 

■aijj Solubility -11 Ia^a Acetone ^Lc. Ja ^.1 Ld jll 4 4 jIx 1 I ^ cjl* I j Ether -1' JjVI Jbdl 

^Ua-ill duj ac-Ll AjjUjjill j j ji ^Lic. ^a,w'i>uj Propylene glycol -II ja j Ia». Ia^. ^$x ^bll Jbxll j 

^^LaaJl ^gk JjVI ^)Aill U jJAkl (_£.} 4j^)aAllj AjLall 

? 3-aLdl sbaJI ^ ,j£ax ^1 Solutions -1' cs' 


# Solutions of pharmaceutical importance include: 


1. gases in liquids 

2. liquids in liquids 

3. solids in liquids 

4. solid in solid 

Jjj^aiilb ^ jj Jl Alb Jbb 

Solubility of Gases in Liquids 

Examples : V 

• Effervescent preparations containing CO 2 maintained in solution under pressure. 

• Ammonia waters hydrochloric acid (hydrogen chloride gas in water) 

• Aerosols containing nitrogen or carbon dioxide as propellant. 

Jaijja ca^a jjiaijj Carbon dioxide jl i-ujxj jjai ^1 caI j ^vim x l l jl cAljd*ll j Jbx Jjl 
Lg-aAiiLa Aij Ajball ^ bjl C02 -II _jA ^^All Jbdl (jjfbjj |jl ^urndl L_ilc. J Ia^. 

jb b ^2}Hll c_a_^AA a j 1^)2 Jlu Jaa >Jo\l 


Uxll <Oa^l Lai HCL gaS -I' jA Jlla 

o ‘ U-^l (i^J AxjVl jx l^xAkloLU ^1 Aerosols ^1 j' CAUlLill jA Jlla CAlb 

is* L ^Ulll AkbA j Aerosol -II £li *l& jll ^ jU IjJ ^La IjaII ^aaj Propellent f Ailx^ J±. 

Jll fj lib ^b ^jjj 4llb AAaj 


# Factors affecting solubility of gas in liquid: 


The solubility of gas in liquids depend on: 

1. Pressure 

2. Temperature 

3. Presence of salt 

4. Chemical reaction 


Jn^iolU j ^AAlb ^Jbb 


V 
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A. Effect of pressure: 

• Henry's law gives the relationship between gas pressure and gas solubility. 

• Henry's law generally applied to gases that are only slightly soluble in solvent and 
that do not react in any way with the solvent . 

Henry's law 

• In a dilute solution, the mass of a gas dissolved in a given volume of liquid at a 
constant temperature is directly proportional to the partial pressure of the gas 

C = oP 

• C is concentration of dissolved gas 

• P is the partial pressure of the gas above the solution at Equilibrium. 

• o is the proportionality constant 

Caution: 

• When the pressure above the solution is released (decreases), the solubility 
of the gas decreases, and the gas may escape from the container with violence. 

• This phenomenon occurs in effervescent solutions when the stopper of the 
container is removed. 


j JaxjJal) qii Aai j Henry 4-<uail ^Jlc. Aloe. jjjta ^AV'u>.n t La jA j <_£Aic. jjjU Jjl 

Aic. j 4jA^)L Ajj^laJl *<» i AiijLjjA Aj jpLS ^LaJl ^Ic. Jai-kiall SaLj^j <jl ^Ic. jlaJl 

.. 4Al 


Ul i Effervescent saL# ajs Aerosol -II <jj jl jl 4_La liilb AkU ^ jV jja^ ajs 



jlill Jc. jl£ ^Jlt Li^l t 

4il jlill j jolq <_£Aj,j Iaj JLj 


Ia] Ajjjj cdllj Aklj j^la 4 K a 

Ia£ ^jqmd l ^ j .. 


kaa A-aAkjjjdj Ia henry j_^ls jl 
liquid dl lA° 

Liquid dl ^ jl jV 

Ia£ ^jalj Jl* Pressure dl jjjL C5 %s> 


Pressure <_A°j lwA 

^ Jj£l jg Ln LuljjAll ^ JaJiildl (jjill 

( A xag ,a) . . L_1 jAaj (jka dll jlkll 


A 
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B. Effect of Temperature: 



• As the temperature increases the solubility of gases decreases, owing to the great 
tendency of the gas to expand compared to the solvent. 


Pharmaceutical application: 


• The pharmacist should be cautious in opening containers of gaseous solutions in 
warm climates. 

• A container filled with a gaseous solution or a liquid with high vapor pressure, such 
as ethyl nitrite, should be immersed in ice or cold water, before opening the 
container, to reduce the temperature and pressure of the gas. ‘W-* * 

Temperature d' aj jj Id as^ Gases d' a^Ia Solubility dl Sjl j^JI a^jj jdld 

(ja A_il JjLxj Id-lA AijUa c_ljau£j b JajijAadl jlidl Ldj AijUa L-Ujldl ^jV Solubility -11 

aaLj ^ji c-lc.j]|j jLxijl ij^AAj Escape Sajjj b Ad t—ub ^^dl Solvent -II 

(jbjic. ^dj ^ ^jVI lg3*iVi Ld VI ^jjj, mil A-dc. (jlad&La bdl Ajiij^a IgJjl^x. A_x.jJ Aalalo ^ Clljlj bllb 

(■ Qj ’ic. j£jaU jl 

C. Effect of electrolyte (Salting out): 

• Adding electrolytes (NaCl) & sometimes non-electrolytes (sucrose) to gaseous 
solutions (e.g. carbonated solutions) induces liberation of gases from the solutions. 
This is referred to as salting out. Why? 

• This is due to the more affinity of the salt ions or the highly polar electrolyte for the 
water molecules and reduction of the aqueous environment adjacent to the gas 
molecules. 

jl jlii] ^djjAxJ b gaS in solid (JJ^d ^l*Jdl ^La j Ailtla ibLa jl didjjj£ll CAtJo jl 

djdl (jA Auuu b Salt d' ‘ J j^a Ls lc. Salt dxxl Ld ^1 oU *a bj Salting out -t h® 

xD ((_£_jl-3^}jjdl L "' J ‘ ^ •) A-a^hdl (Jdl ^ja I g jj Aic. 

(JlilA bJ IgjS i_J jAiJ A_iLdl ^ tr’hu.a'i ^jjjAj lAx. ibldl t_ lad 1 g~iL>a bl ^^dl ibLdl (jl l_ IUmj b 

A_iAjoijj b AjLdl £a ^ddl i—U j. uJj Aj| VI Addi (jdj ^bdl LgJC-Luij jlidl Ajbl ^ 1c- AjLdl Sj.13 

Salting out 

D. Effect of chemical reaction: 

• Chemical reaction increases the solubility of the gas in the solvent. 

Example: 

• hydrogen chloride gas reacts with water by hydrogen bonding when 
dissolved in water. This is increasing the solubility of hydrogen chloride gas in water. 
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• Gases such as Hydrogen chloride, ammonia and carbon dioxide show deviation from 
henry's law as a result of chemical reaction between the gas and solvent. 

• Usually, with an increase in the solubility, accordingly, hydrogen chloride is about 
10.000 times more soluble in water than oxygen 

JajljA ^LlojSII (Jc-liull (JliLa -lie.J AjLall ^ jlill ^ Jjjjj (Jc.lil]| 

HCL-I' Ujbj^l jl j Water -IIj HCL -II eiilij ^ kill*. ja&II 

<._ajjou Henry Ijia.iu HCL -IIj (jjjjSlI y Lij-aVI j dil jl*JI ■^-}3 

j£j Hydrogen bond ojj^ ^ «jAII ^ ^^a jlj 

. Solubility -I' sijj ij^jk t -4i 

‘UjUjill jUdl j] VI aLLj (jji a tjl ‘CuJ LskI ^V ? Henry (jjjb (jc- diaj^jl b dil jUJI ^1 jl e_ila 

L$ji a bL^la JjfLj bib j ^LloAII Jc-lidl c_Ajjau 421c. 4jjbj2l La (j£l Solvent -II ^ 4lda 4 jc.Lj 

Solubility of liquids in liquids 

Examples: 

• alcohol & water to form hydro alcoholic solutions, 

• volatile oils & water to form aromatic waters, such as chloroform water and 
peppermint water, 

• volatile oils & alcohols to form spirits and elixir 

• Medicated oils which contain two or more miscible liquid 

N.B: 

• Formation of a liquid-liquid solution requires that the attractive force present between 
the molecules of the two pure liquids is overcome. 

• The term miscibility refers to the mutual solubility of the components in liquid- 
liquid systems 

Liquid-liquid systems may be divided into 2 categories: 

1. Systems showing complete miscibility such as alcohol & water, glycerin & alcohol, 
benzene & carbon tetrachloride. 

2. Systems showing Partial miscibility such as phenol and water; two liquid layers 
are formed each containing some of the other liquid in the dissolved state. 

• Complete miscibility occurs when : The adhesive forces between different 
molecules(A-B) > cohesive forces between like molecules (A-A or B-B). 

• Partial miscibility results when: Cohesive forces of the constituents of a mixture 
are quite different, e.g. water (A) and hexane (B). A-A > B-B. 
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j' Miscibility a a*. jl Term 2 a jJ Solubility JAA 2*.lj sJj' t> 

Miscible jA22l <JjL ‘ o^■} ^ f^j^f ^ J2_^2' <11^ ^ Solubility Ja ^AbL^ bj ^1 jl*VI 

.. Miscible l£® Jj-* l£1 

(J& cAL* 4^2 j jA' of -M j2' lS A j_£i f lA 3 *^ 1 cA Miscible AA Liquids 21 jl2c. 

j^J Jaj| A^ _j3 (_ya (_is-Aal J A^ 

jjc- 4ia 4 j 3 jjfl joi 4 j 3 A^ JjL-a 

A-A t> jA' AA A-B j£ -Mjill ij ja Id A^n bj Complete miscibility Bj JjVI A 
Solute 21 b B j Solvent -II b A j' jAJx. UA*j B-B i> jA'j 
A*^ B-B t> jA' A-A jg -LjIjjII (_sj 3 4-*d LA jjlu bj Partial miscibility Bj A21' LA^' A 
B-B o j' ‘A lA° A-A jl b '. u b A.A 1 j <A^ ciA b j-ji ' A • ^$2 I j b ^...' of j^^A - ®® 

Solubility of Solids in Solids 

• If two solids are either melted together and then cooled or dissolved in a suitable 
solvent, which is then removed by evaporation, the solid that is redeposited from the 
melt or the solution will either be a one-phase solid solution or a two-phase eutectic 
mixture. 

Complete miscibility of 2 solids achieved if: 

a. the molecular size of the solute is the same as that of the solvent, so that a 
molecule of the solute can be substituted for one of the solvent in its crystal lattice 
structure 

b. the solute molecules are much smaller than the solvent molecules, so that the 
solute can be accommodated in the spaces of the solvent lattice structure 

iS j t VJ Lujc- V ? lihk- Lyjc- (ji solubility of solids in solids 

.. 2 solids i> Solution Cf ° bhl^dl ^A' J£j Jld'j aj^JI 
<_A»^ Ij ^jff ; ->gjA lj o^A o^f A j a ^3 jjj 'j solids 21 vyA A aA 3 jc- j_AA? bljUjJI 

lAiA (j-allA I jJjAjL® A*JJ J£2l? A IjJjAu jA^' AjAi Solvent A jA^' A' AlA 3 CF j' 

of 2 solids 21 ,jiic. AA: 2 u=^ Solvent 21 Ah' 
Solution 4^2® One phase ' AlAj Homogenous jA^' Ahj ofj£ 2 ^.jbI j] (ji <M+J\ 

. Eutectic mixture 2 phases ' A Aj ofj£ j 1 ®' c>® jl o^ 

.. uA' L>® Lj2 J3jb ^ jV o^^Fi OF^ ' JFF ' 2 solids 21 jlbk. jV 

lo*f C 5 II' cA 21 l Solid 21 jj[j^ jjl j Solute 21 ^1 Solid 21 cAl^ <jl JjVI . ^ 

Cj±f. Solvent 21 jl u ^ 3 u ^ Ijl^L Solvent 2lj Solute 21 Ia^a 1$j&LS olvent 21 
Substitution W^LL? Crystals 21 ^ jL\ lAa;j ^A?- 4ia 

^1 cA ^\jill ^ cAaaa Solute 21j Solvent 21 j^ cja' Solute 21 cjtbja. jl ^Ull .Y 
Interstitial j Crystal lattice 21 Lijldl dibjjAl of 

\ \ 
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• These two types of solvent mechanism are referred to as substitution and interstitial 
effects, respectively. 

• Solutions of solids in solids as when the solvent is a polymeric material with large 
spaces between its intertwined ^^molecules that can accommodate the solute 
molecules. 

• Solid solutions provide a means of dispersing a relatively water-insoluble drug in a 
very fine form. 

• When the carrier solid is dissolved away, the molecules of insoluble drug may 
dissolve more rapidly than a conventional powder because the contact area between 
drug 


• The rate of dissolution and, consequently, the bioavailability of poorly 
soluble drugs may therefore be improved by the use of solid solutions. 



Substitutional solid soln. Interstitial solid soln. 


Solvent dl Ifcia (jjShj aJa^II dl i > ^\ l aA jl ja j Solid in solid solution dl ^ Jlib <_$Aic. 
dLLjaJI l$j| a^. jd o ja&j a*jJ j IgjUjja. dlidd I Polymeric material t>- 0 jbc- 

Solute dl 

Water insoluble ‘bj-^l b bllli ? b Solid - solid solution dl a-l<*aI <_$I i_±L 

Solid solution ^ cWs Wd ^b* 

4 bo La] ^j^a bA <jc.Ll buf-.b I jail lad i 4 -ijAj Solvent -11 jl Carrier -II Id 

Dissolution dl Surface area dl jV Solid solution i> Powder ^ 

dial j Solubility -II <jl L . I_jaj I jail (_^al ■ didj A-ij^dl A_diiyi ^dl bA Addl a bd ^ 

Solubility of solid in liquid 

• Solutions of solids in liquids are the most common type encountered in 
pharmaceutical practice. 

• Knowledge of the factors affecting the solubility and their practical application is an 
important aspect of the pharmacist's expertise. 


♦ Factors affecting solubility of solid in liquid: 


1. Molecular structure of solute 

2. Nature of solvent 

3. Crystal character 


> r 
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4. Particle size of the solid 

5. pH 

6. Common ion effect 

7. Effect of indifferent electrolytes on the solubility product 

8. Effect of non-electrolytes on the solubility of electrolytes 

9. Effect of electrolytes on the solubility of non-electrolytes 

10. Temperature 

.1^.1 j JdLiA 

1. Temperature: 

Endothermic dissolution: 

• Most solids dissolve with absorption of heat (AH is positive) and the dissolution 
process is an endothermic process. 

• The solubility of endothermic dissolution is increased by increasing the temperature. 

Exothermic dissolution: 

• In case of the less commonly occurring system that exhibit exothermic dissolution 

• The solubility of exothermic dissolution is decreased by increasing the temperature. 

doj (_)jLa jA j ^ \x a\ “Gc. (Jc-liHll dAlc-lidl <11^. ^ 

Jjia ^ iA 4j| L.lUuj Dissolution 41 A 

jaajuA (Jc-lidl 4jUa (Jc-lij Ls lc. ClG j j j] aJjjLj j] o^c-la ^bl oljAi.1 b j ® 

fJlc. liA jA C5 joi£*JI oL^jVI ^ 

jlis*. (J-alc. aL^Ij Ciil ajl 4 Jj4j Ld ^Ldbj Sjl^. (Jc-lidl Qjfbj ajtAj^aLdl dAlc-lidl ^ t j£] 

.. djjA 4Gb jdl liA Jldbj jA (Jc-liHd 

• plot of the solubility curves vs temperature, which is referred to as solubility curves, 
are often used o describe the effect of temperature on a given system 

• Most of the curves are continuous. Abrupt changes in slope may be observed with 
some 

systems if a change in the nature of the dissolving solid occurs at a specific transition 
temperature. 

Example for abrupt changes: 

• Sodium sulphate exists as the decahydrate Na2S04.1oH20 up to 32.5°C, and its 
dissolution in water is an endothermic process. 

• Its solubility therefore increases with rise in temperature until 32.5°C is reached 

• Above this temperature, the solid is converted to anhydrous form Na 2 SC >4 and the 
dissolution of this compound is an exothermic process. 


\r 
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• The solubility therefore exhibits a change from a positive to a negative slope as 
temperature exceeds the transition value. 



I 

8 


& 

& 

ig 

I 



Temperature (°C) 


t jxaJlc. aija .,ja ^1 tjj Solubility curve tg-^l <^.U. Sjl j^JIj Adbjall Ai&lc. diLac. jl 

.. A hma Saba AjjLjji A na .a Sjlj^. 4-^.ja jdtj <—SjC-l 1 AjI [j* b cJjAll 

Jiaii SjlI Sab|jj Solubility dl <_saj Endothermic a^ 

Ce2(S04)3 d' l$ j s j'® ab j £* cfe bj Exothermic tPbll £jdl j ^ bjb£j*]| 

<_ajj£]| C5 lc- 

.. NaCL -11 (_$ j Ia^. Aiila jl AiiiL sabj ajjh' ^dbjall al j■* ajs 

i J_jla ^^Ic. (Jjli bab (J jla ^^Ic. ^lUa bab dl^lc-liHll ^ja (Jclij (j£ ^S^IjA (._SjJ^ll dll 

aIIa. ^ bj i_ijj£]| ^ Abrupt change 4-^.bi. UU^.1 t la£ C5 iib bajla a bills 

.. Hydrous sodium sulfate dl <_$ j ^ j* 

‘ ^ djli W aA bj Na 2 S0 4 .loH 2 0 ^bj AdUa^l Ak^\ jjlu Sodium sulfate dl <1U ^ 

C_ tjJ.MJ bJ C_ajj£ll ^ ^.^.ILa jjxj 4j 3 Alisha <Uak3 AaJ Aj jj aj jj Ajc-Hj Adbjall SaAb Sjl^iJl Sab^jS 

4_^.ja ajc. C5 ^ijLa AiJ ^.Vl jh A^.1 J bajjAi AjS ^^lll Ajball dlli}^. aab i_l£j-a]| ^.IVu Sjl^rdl 4-^.ja Sab j 2)1 

cA*j Anhydrous ^ J£ b jA^I Aak. (_s-bs Transition temp dl Sjl 

ajLL (Jc-li!l] 4_}ball (jbic. Sjl^ai] (j-aba j_Jc-lij qa (Jc.lii]| (JliAj Ha 2 S04 t ’" J 5-ball ^ 

b .. dudl Jiij jAllj Exothermic ^ ‘ •-*.j^'j Endothermic u^b a*j Jblbj sjl j^ll 

.. b ^ 32.5 ajAa. ^ Transition temperature bl a^ 

2. Molecular structure of the solute: 

• It should be realized that even a small change in the molecular structure of a 
compound can have a marked effect on its solubility in a given liquid. 


> £ 
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Examples: 

1. The introduction of a hydrophilic hydroxyl group can produce improve solubility, as 
evidenced by the more than 100 -fold difference in the solubility of 
phenol and benzene. 

2. The conversion of a weak acid to its sodium salt increases the ionic dissociation of 
the compound when it dissolves in water, A specific example of this effect is the 
aqueous solubility of salicylic acid and its sodium salt, which are 1:550 and 1:1, 
respectively. 

3. Aqueous solubility decreased by modification of a parent drug such as esterification. 

Reduction in aqueous solubility is benifical in case of: 

a. masking the taste of a parent drug, e.g. chloramphenicol palmitate is used in 
pediatric suspension rather than the more soluble and very bitter chloramphenicol 
base 

b. protecting the parent drug from excessive degradation in the gut, e.g. 
Erythromycin propionate is less soluble and consequently less readily degraded than 
erythromycin. 

tffl' jLAII tijbA*i]| ? Solid 21 Solubility 31 j Structure 31 j# Ai3L3l 

jjxj ^1 Itumj jl£ Lafrx .. Solubility 31 t 5 lc. iAjVL jl l_iL 32 eiiljjij cii ja^. 

. Solubility 31 

Ac. edits 4 e-ib j OH AjIc. jj'nqll Jj'nqll jA jA jj jbll 4 jj jbll j cJjbdl jA (JLLa (Jjl 

A kn.jjAiA Jajljj jj£b Aa£I lg-il njaij j ) * • jj jiJl Ai AjLall ^ i_J jAj Jijisall diik OH 31 
<_£jl Abbjill ^ jjc 4 i£l AAl lajjau jjjilll #> Abbjill ^ ^ALaii 
£-a 4-1 jAiJ ^33! j£] Ahla Abjbjj jjfLlJ b 4_LuuJa]| ^J>i.a^.ll 4 ^Lal 4_SJajJall (_pxa^Jl (Jjj^J jA (JLLa ^Li 

(jj3l Na Salicylate j Salicylic acid 3lia <_$j Cation 31 ja jjA]| jl 
! <• <»>>» 0 0 * j <*. j3 Solubility 31 ^ cajjc lgi£lj ^ jjAj^II 

a jLuiVI jl Esterification 31 aJU ^ ^ j Solubility 31 ^ <_>aii3b j^iiAll s_>2I 2 a .. 2aM 1I Jli 2 l 
Carbon 31 jl Ia£ <JjS 21a j CH 3 lS j J3^' ^COOH 31 j^jjAiA Sj2 JI^Luil l$-ia ^^1 j 

.. AjjUjill JLa 4 Sjloil (Jac. I Lai ^UlLj Non polar jj^“ 

? <_gl diVLa. ^ aLIs AijjLjjji jj^j Ij3l j^a lj| i_lL 

j£l 4 ^j-aLk-alaVI £J^uj (Jjka (J£jA ^ (J-axjl jl lAi. (jia.j A-aaJa jjfLlJ b (Jj5nS.al jjl£ll j dlVLi. A_i3 bllla 
jl L-UjoU Ajj 2 b jjaill ^aJall jla-a jl Suspension cJ^3i ^ AjjjJaa. ^1 jjjfa jc. Aj^L^alal dllla jl 

j-laJ f^ks Ac-LL (j^aL^iaVI 

(J jla jl (Jjib fi.ic.la A_a 3 jV AbbjAll (Jlal j3ta 4 eAa-all ^ oJj^.j^ll ^yaLa^Vlj jjoi£bj lilclb IjAII jl jLa£ 

A f - l_u Jo ^ a ^ ^ ^ ^ \ \!k a I^a!\3 i t \ j ^ ^ 

.. jLa£ Factor 4_sjLij ^Lu 
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3. Nature of solvent and cosolvency: 

• solubility of solid in a solvent may be altered by the addition of some other 
solvent which bring about changes in the properties of the first vehicle 

• a mixture of solvents is used to increase the solubility of weak electrolytes as well as 
non-electrolytes 

• The phenomenon of increasing solubility of poorly soluble substance by the 
use of more than one solvent is known as cosolvencv 

• For example, the solubility of weak electrolytes and non-polar molecules in water 
may be considerably increased by the addition of co-solvents such as ethanol, 
glycerol, propylene glycol, or sorbitol. 

• These co- solvents work by decreasing the interfacial tension between the 
hydrophobic solute and aqueous environment or by altering the dielectric constant of 
the medium. 

cl Ulaj Semi polar solvent 41 °E Cosolvent 4^4 s Jj' ^ 

Non electrolytes 41j Weak electrolytes -II <_$ j <_i j.£j Jl* <^41 jA\ AjjLjill jj jj jLic. 

jl (■ tJo ^C-Uj ^^41 

. Surface tension 41 ^ Ij£ Jja ^ j ^jjalj ^ yA^^dl j < 4 ^ 4 ? <41*71 

#> 444 ‘CLoJI jUll j AjLdl ^l-^. b Dielectric constant -II 

. Ij£ j* ^4 Dielectric constant -4 <41*1 <4 jc. *4j.4l 


I Compound 

Di electric constant 1 

Water 

80 

Sorbitol solution (70% W/V) 

62 

Glycerin 

42 

Propylene glycol 

32 

Ethanol 

25 

Propylene glycol 400 

12 


Solvents may be classified according to their dielectric constant as: 

1. Polar -> 8 >50 

2. Semi-polar -> 5 = 20-50 

3. Nonpolar -> 8 = 1-20 

4. Crystal characteristics: polymorphism and solvation 

• it provides increasing the solubility of a crystalline material and hence its rate of 
dissolution by using a metastable polymorph. 
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• Although the more soluble polymorphs are metastable and will convert to the stable 
form, the rate of such conversion is often slow enough for the metastable form to be 
regarded as being sufficiently stable from a pharmaceutical point of view. 

• The degree of conversion should be monitored during storage of the drug product to 
ensure that its efficacy is not altered significantly. 

• conversion to the less soluble and most stable polymorph may contribute to 
the growth of crystals in suspension formulations. 

• Many drugs exhibit polymorphism, e.g. steroids, barbiturates and sulphonamides. 

• amorphous powder may also lead to an increase in the solubility of a drug compared 
to that of its crystalline form. 

• hydrated crystals tend to exhibit a lower aqueous solubility than their un¬ 
hydrated forms. This decrease in solubility can lead to precipitation of drugs from 
solutions. 

• the aqueous solubility of other (non-aqueous, solvates) are often greater than those of 
the un-solvated forms 

• solvates are crystalline solids containing within the crystal structure proportions of 
solvent, when the incorporated solvent is water, the solvate is called hydrate . 

• The decrease in solubility can lead to precipitation of drugs from solution 

i> J® ls* j States of matter -" ^ Polymorphism dl IjS Jjs 

Crystalline -1' jl b^>Solubility -1' <jSLi ^ jj£I ^ <■ 

UU*-4 Uajc.j Meta stable form -I' ^ Solubility -1' jj j! (j<^ J^ 

. bSJJ^I 

jl IIjij jl 4 ^jd diaj Stable -11 meta stable -II ^ Jj^l aA<&. jl till jLj 

?.. jaji« J** Stable -1' j' b-aMeta stable -1' j>a ^b^l ^ Stable -1' 

l_dull j-a tdc-llj I jdl jl i - £ jA\ AC-llj AjjLjjII fafll (jLkic. A lLaC. 

LaA j *nj (Jj^)i]| * l —jV t." A •s\)n<» , i<a 1 lillic. 

non l Solvent Ija. j* j aAa sjUII jjfb La] bj Solvate . ^ 

. polar solvent 

lSj^- 4 ^ l s' j' non polar solvent J ^ uA solvate A 

cA Non polar -1' Water b Solvent -1' uj^ ^ cw Solvates -1' ^ Hydrates A 

Solvate -I' 

Solvent Vj 'a±* V aA Jl*j Non aqueous u anhydrate -1' . i 

‘ L&dd' aA&u > Jl* ^1 amorphous form -1' u' States of matter -II ^ b£ JjS li^l U <_$ j 
J£Jdl ^akiid l Crystalline -1' i> ^'Solubility Ia^c. jj£L 


> V 
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cAj&fc -A' ? Anhydrous -I' VIj Hydrate -I' 4 Solubility -II ^ ^1 ‘ilhlaj j] 
AjjUjj ^jLic. L^j^aL^aiLalj oIaaII l-iIxjIjujI ^l<~- AjjjiS ^JllSLj jjjS 4 jLo Aja ^jLo <uV Anhydrous -II 
.. ajU c_j jAi j^Ija <jlaj 4 jLs jUL JxilU ja ^1 Hydrous -I' t> 

t> c^' ujA ^1' A anhydrous -I' A <jdll non aqueous J'j Solvates -I' 

non solvates -I' 

Examples: 

• Anhydrous penicillin is more soluble than trihydrate penicillin 

• Theophylline anhydrous is more soluble than monohydric form 


5. Particle size of the solid: 

• The changes in interfacial free energy that accompany the dissolution of particles of 
varying sizes cause the solubility of a substance to increase with decreasing particle 
size, as indicated by the following Equation: 

log 5 _ 2yM 
logS 0 2.303 RTpr 

S is the solubility of small particles of radius (r) 

So is the normal solubility (i.e. of a solid consisting of fairly large particles), 

Y is the interfacial energy, 

M is the molecular weight of the solid, 
p is the density of the bulk solid, 

R is the gas constant 
T is the thermodynamic temperature 

• The increase in solubility with decrease in particle size ceases when a particle 
has a very small radius, and any further decrease in size causes a decrease in 
solubility. 

• It has been postulated that this change arises from the presence of an electrical charge 
on the particles and that the effect of this charge becomes more important as the size 
of the particles decreases. 

■ijA Particle size -I' JI31b»l jl Av Particle size -I' A jjjlill 

solubility-I' ‘ Particle size -I' bd -be. E V Ij£ Lajb JUJi Aa b ^ jjJa A' 

jl£ Ld A Solubility -I' A- Is j^l' Charge -I' Aa lsj' JA bd jV JA 

Solubility—11 L ‘dAj jb a-ojs ^ ~—\t ^i-v ciijl£ s-TAI 

6. pH effect: 

| • Most of the drugs are either weak acid or weak base and are poorly soluble in water. 

> A 
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• The solubility of such drugs is markedly affected by the change in pH. 

• If the pH of solution of weakly acidic drug or its salt is reduced, the proportion of the 
unionized acid molecules in the solution increased. 

• Since the unionized form is generally less soluble than the ionized form, the solubility 
of such drug decreases with a decrease in the pH, On the other hand, solubility of 
weakly basic drug or their salt decrease with the increase in the pH 

• Precipitation may therefore occur because the solubility of the unionized species is 
less than that of the ionized form leading to chemical incompatibility. 

• This relationship between pH and the solubility of ionized solutes is extremely 
important with respect to the ionization of weakly acidic and basic drugs as they pass 
through the gastrointestinal tract and experience pH changes between about 1 and 8. 

• This will affect the degree of ionization of the drug molecules, which in turn 
influences their solubility and their ability to be absorbed 

u^j ffcjl jStrong d' jV Weak acid or weak base jj£4 ^ I 

JJa jjfLu ^jl Weak -11 j£J <. <eijuic.yij salaII dilj 

Ia?. 

Acidic 'jdl jl T jM JL cAla pH dl jl» Weak acid dl Ijdl ^ Jlia AkU 

unionized dl j£l e_s j±u ^1 ^ Ionized dl jl jdjx. U^.1 j jyliiA J .La b Ijdl ^Idbj Acidic cA 

unionized 'jdl jWeak base dl ^ o-S* *llj .. (j^L^iaVI ^blbj i_ijAli V 

L_1 jA}A (jLaj 4_ill*Jl pH -II jc. 

I^j unionized form dl a jjj ionization dl JaIa pH dl cAlla jl weak acid dl aJU. ^ Jldbj 

i ^ i \^ ^^ \ 1 ^ ^ \ \ 

jV Weak base dl jl Weak acid dl <j^Wda ^ Ia*. 4jja aS^c. Solubility dlj pH dl jjj Aal!>b*dl 

I J^]| Ar-tlj ‘Luljjjl]| Jz. jjLiA a£I bj A AaJ ) j-a 4j|A pH dl j^a Ailik-a ljjAaj*ilJ J 

• The relationship between pH and the solubility and pKa value of an acidic drug is 
given by modified form of the Henderson-Hasselbalch equation : 

For Weak acid: 

pH = pKa + log^ 

For Weak base: 

pH = PKw - pKb + log— 

s— s 0 

• pH is the pH below which the drug precipitate from solution 

• S is the overall solubility of the drug and 

• So is the solubility of its unionized form 
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• This equation used to calculate the solubility of a drug at that pH or to find the pH 
below which the drug will precipitate from solution. 

• Alternatively, the minimum pH value that is required to maintain the drug in solution 
can be determined. 

(—ajjil qa jAal (jUic. A nax PH IjaII Ac-Hj Solubility -II caLuoa. ^ <_$A aIaIxaII ^AV'utn 

pH -11 L-lm^l PH L .' ‘ 1 IjA (_£AAC. (jLa£j IjA]I 4ajo) 1_L&]I pH -11 

i 1 ^ v ^-v j& 

Lee Done at 5:08 am 
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